Introduction
============

High blood pressure (BP) is the most important potentially reversible risk factor for stroke in all age groups, with a continuous association between both systolic and diastolic BPs (SBPs and DBPs, respectively) and risk of stroke, particularly for intracerebral hemorrhage \[[@b1-jos-2015-01102]\]. SBP \> 115 mmHg explains 60% of the population-attributable risk of stroke \[[@b2-jos-2015-01102]\]. High BP is also associated with increased risk of recurrent stroke in patients who have already had an ischemic or hemorrhagic event \[[@b3-jos-2015-01102]\].

A recent meta-analysis of 16 randomized controlled trials and 40,292 patients with history of stroke (ischemic, transient ischemic attack \[TIA\], or hemorrhagic), with and without hypertension, demonstrated that BP-lowering treatment reduced the risk of recurrent stroke (relative risk reduction, 18%; 95% confidence interval \[CI\], 9%-26%) \[[@b4-jos-2015-01102]\]. The meta-regression analysis also revealed that each 10-mmHg reduction in SBP is associated with 33% (95% CI, 9%-51%) reduction in the risks of recurrent stroke \[[@b4-jos-2015-01102]\].

Twenty-four hour ambulatory BP monitoring (ABPM) has become an important tool for improving the diagnosis and management of hypertension, and it is increasingly used to assess patients with hypertension. This trend is supported by evidence that 24-hour BP profiles are superior to isolated clinic BPs in predicting future cardiovascular events and target organ damage \[[@b5-jos-2015-01102]\].

In fact, recent UK National Institute for Health and Care Excellence guidelines for diagnosis and management of hypertension recommend that routine ABPM to confirm hypertension diagnoses \[[@b6-jos-2015-01102]\]. As a recent review of international guidelines indicates, these are the first guidelines to clearly state that ABPM should be provided to anyone suspected of having hypertension based on an elevated clinic BP measurement, taking into account new evidence not available at the time of publication of previous guidelines. This change in practice is in contrast to most other countries, where ABPM is currently discouraged by lack of reimbursement; other guidelines do not currently make the same recommendation for ABPM, with the European Society of Hypertension guidelines specifying that ABPM 'should not be regarded as a substitute for information derived from conventional BP measurements', though recommending its use in suspected white-coat and masked hypertension, to identify hypotension and resistant hypertension, and to assess drug efficacy and nocturnal dipping status \[[@b7-jos-2015-01102],[@b8-jos-2015-01102]\].

The information provided by 24-hour ABPM includes daytime and nighttime BP profiles, day-night BP differences, morning BP increase, and BP variability ([Figure 1](#f1-jos-2015-01102){ref-type="fig"}). Studies have identified associations between 24-hour ABPM parameters and hypertensive target organ damage, including left ventricular hypertrophy, microalbuminuria, intima media thickness, retinal changes, pulse wave velocity, and silent brain damage \[[@b8-jos-2015-01102],[@b9-jos-2015-01102]\].

Nevertheless, although ABPM devices are increasingly used for assessment of hypertension, their value in patients after the acute phase of stroke has not been systematically studied. This is an important issue because hypertension is a major cause of stroke recurrence. This paper reviews the role of ABPM in the chronic management of hypertension in patients with stroke.

Evidence from randomized controlled trials on BP management for secondary prevention of stroke
==============================================================================================

To date, only a few randomized controlled trial studies have assessed the role of BP management in secondary prevention of stroke ([Table 1](#t1-jos-2015-01102){ref-type="table"}).

Post-Stroke Antihypertensive Treatment Study (PATS) trial \[[@b10-jos-2015-01102]\]
-----------------------------------------------------------------------------------

The Post-Stroke Antihypertensive Treatment Study trial was a randomized, double-blind and placebo-controlled trial intended to determine whether antihypertensive treatment could reduce the risk of fatal and nonfatal stroke incidence in patients with a history of stroke or TIA. Monotherapy with the diuretic indapamide (2.5 mg/day) was compared with placebo in 5,665 patients. The findings of this trial indicated that a BP reduction of 5/2 mmHg with indapamide reduced the incidence of fatal and nonfatal stroke by 29% in patients with a history of stroke or TIA.

Perindopril Protection Against Recurrent Stroke Study (PROGRESS) trial \[[@b11-jos-2015-01102]\]
------------------------------------------------------------------------------------------------

The Perindopril Protection Against Recurrent Stroke Study randomized 6,105 patients with history of ischemic stroke or TIA with and without hypertension to three groups that received perindopril (4 mg/day) alone, in combination with indapamide (2.5 mg/day), or placebo.

After a mean follow up of 3.9 years, the active treatment group as a whole had significantly fewer strokes and major vascular events. Treatment reduced BP an average of 9 and 4 mmHg SBP and DBP, respectively, and reduced the relative risk of stroke by 28% (95% CI, 17-38) versus placebo. However, a pre-specified subgroup analysis showed that, although participants treated with the combination of perindopril plus indapamide had average SBP and DBP decreases of 12 and 5 mmHg and significantly lower stroke risk than patients who received double placebo (43% risk reduction; 95% CI 30% to 45%), patients treated with perindopril alone showed a BP reduction of 5/3 mmHg and had a risk of stroke that was not discernibly different from placebo (5% risk reduction, -19% to 23%).

Morbidity and Mortality After Stroke, Eprosartan Compared with Nitrendipine for Secondary Prevention (MOSES) trial \[[@b12-jos-2015-01102]\]
--------------------------------------------------------------------------------------------------------------------------------------------

The Morbidity and Mortality After Stroke, Eprosartan Compared with Nitrendipine for Secondary Prevention trial was the first to compare the relative benefit of particular antihypertensive drugs for secondary prevention of stroke. It compared the efficacy of treatment with eprosartan (an angiotensin II type receptor blocker, 600 mg/day) and nitrendipine (a calcium channel blocker) in 1,045 hypertensive patients who had had a cerebral event in the previous 24 months. BP reductions were similar with the two agents. Treatment with eprosartan resulted in a 25% stroke risk reduction compared to nitrendipine (236 events; incidence density ratio 0.75; 95% CI: 0.58 to 0.97); there was also a reduction in the risk of primary composite events (death, or cardiovascular or cerebrovascular events; incidence density ratio 0.79; 95% CI, 0.66 to 0.96). A reduction in TIAs accounted for most of the benefit in cerebrovascular events, with no significant difference in ischemic strokes, and a more traditional analysis of the time to first cerebrovascular event did not show a benefit of eprosartan. However, the study had several methodological limitations, including its open design.

Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial \[[@b13-jos-2015-01102]\]
----------------------------------------------------------------------------------------------------

The Prevention Regimen for Effectively Avoiding Second Strokes assessed 20,332 patients with recent ischemic stroke (within 90 days of the event) randomized to either angiotensin II type receptor blocker, (80 mg/day telmisartan, n = 10,146), or placebo (n = 10,186) on a background of standard antihypertensive therapy as part of a 2 × 2 factorial design study, which also included aspirin plus extended-release dipyridamole versus clopidogrel. Telmisartan was not associated with a reduction in recurrent stroke (hazard ratio \[HR\], 0.95; 95% CI: 0.86 to 1.04) or major cardiovascular events (HR, 0.94; 95% CI: 0.87 to 1.01) during a mean 2.5-year follow-up period. The BP-lowering arm in the trial was statistically underpowered. Nonadherence to telmisartan and more aggressive treatment with other antihypertensive medications in the placebo group reduced the difference in BP between the treatment groups (SBP differed by 5.4 mmHg at 1 month and 4.0 mmHg at one year) and may have reduced the impact of treatment on stroke recurrence.

Stroke Prevention of Small Subcortical Strokes (SPS3) trial \[[@b14-jos-2015-01102]\]
-------------------------------------------------------------------------------------

The Stroke Prevention of Small Subcortical Strokes trial included 3,020 patients with recent magnetic resonance imaging-defined symptomatic lacunar infarctions divided into two target groups of BP control. Outcomes were compared between those assigned to the "lower target" SBP (below 130 mmHg) and those treated to achieve a "higher target" (between 130 and 149 mmHg). The primary endpoint was reduction in all strokes (including ischemic strokes and intracranial hemorrhages). After an average follow-up of about 3.7 years, non-significant rate reductions were seen for all stroke (HR 0.81, 95% CI: 0.64-1.03, *P*=0.08), disabling or fatal stroke (HR 0.81, 95% CI: 0.53-1.23, *P*=0.32), and the composite outcome of myocardial infarction or vascular death (HR 0.84, 95% CI: 0.68-1.04, *P*=0.32) with the lower target. In addition, the rate of intracerebral hemorrhage was significantly reduced (HR 95% CI: 0.37, 0.15-0.95, *P*=0.03).

Nevertheless, among these randomized controlled trials, only the Morbidity and Mortality After Stroke, Eprosartan Compared With Nitrendipine for Secondary Prevention trial included 24-hour ABPM. The most important goal that trial was to achieve comparable normalization of BP in both treatment groups. Thus, clinic BP results were confirmed by ABPM in order to exclude differences in BP during 24 hours. Twenty-four-hour ABPM was scheduled for 12-, 24-, and 48-month. Finally, BP was reduced to a comparable extent without significant differences between the two groups during the whole study period. At the end of the study, or at the final visit, the mean values of systolic and DBPs were normalized (eprosartan group 133.2/80.4 mmHg; nitrendipine group 132.7/80.2 mmHg). No significant differences between groups were found by 24-hour ABPM \[[@b12-jos-2015-01102]\].

Evidence from other studies on ABPM for secondary prevention of stroke
======================================================================

As previously discussed, ABPM is currently considered the best predictor of target organ involvement; thus, accurate definitions of its changes over the 24-hour cycle are of crucial importance in this population.

Many studies have focused on the nature and extent of alterations of circadian BP patterns after acute stroke, and a pathologically reduced or abolished circadian BP variation has been described in acute stroke \[[@b15-jos-2015-01102]\]. However, studies on alterations of circadian BP patterns after acute phase of stroke are scarce.

Castilla-Guerra et al. \[[@b16-jos-2015-01102]\] ([Table 2](#t2-jos-2015-01102){ref-type="table"}) reported a chronic disruption of circadian rhythm of BP after the acute phase of stroke in a prospective study of 101 patients admitted within 24 hours after stroke onset and followed for one year; although the BP tended to decline and normalize weeks or months after stroke with the effect of medication, this abnormal pattern of circadian rhythm persisted in the majority (approximately three-quarters) of stroke patients after a one-year follow-up period. The authors found that the normal diurnal variation in BP was abolished in 87.1% of patients during the acute phase of stroke, in 76.9% after six months, and in 74.6% after one year.

In accordance with these results, Sasaki et al. \[[@b17-jos-2015-01102]\] found that the nocturnal BP reduction was blunted in most (\~90%) of 48 elderly bedridden hypertensive patients assessed within 1-3 months after stroke. ABPM has also demonstrated a higher sensitivity compared to office BP for evaluation of the effectiveness of antihypertensive treatment among stroke survivors.

Cugini et al. \[[@b18-jos-2015-01102]\] found a highly significant proportion of TIA patients (90%) whose hypertension was not well controlled in a series of 51 patients with a history of recent TIA syndrome and 225 clinically healthy control subjects who underwent ABPM. In study of 187 first-ever consecutive hypertensive stroke survivors with ABPM, Zakopoulos et al. \[[@b19-jos-2015-01102]\] later showed effective BP control significantly fewer patients using ABPM (32.1%) than those using office recordings (43.3%, *P*\<0.001), whereas a masked lack of per-treatment blood pressure control (elevated ABP in the presence of normal office BP levels) was identified in 16% of the study population.

Similarly, Castilla-Guerra et al. \[[@b16-jos-2015-01102]\] found conventional clinical recordings to be an unreliable method of control in their prospective study including 88 ischemic and 13 hemorrhagic strokes followed for one year, concluding that ABPM should be routinely performed in this population.

Therefore, the high incidence of inadequately treated patients with a history of recent stroke or TIA confirms that BP should be controlled by ABPM in this population. The results of these studies also suggest that chronomodulation of antihypertensive treatment might be more effective for management of BP in these patients for secondary prevention of cerebrovascular damage.

ABPM and the J curve after stroke
=================================

Another important issue is the target BP in patients after the acute phase of stroke. Currently, the relationship between post-stroke BP and stroke recurrence remains undetermined, and the optimal control of BP has not been established.

Although the target BP goals or reduction from pretreatment baseline are uncertain and should be individualized, SBP \< 140 mmHg and a DBP \< 90 mmHg (Class IIa; Level of Evidence B) are typically recommended in daily clinical practice of secondary stroke prevention \[[@b20-jos-2015-01102]\].

However, these BP figures may be too strict for subjects with recent or subacute stroke and, may lead to hypotension, with the resulting additional risk to these patients. In fact, recent years have seen renewed debate regarding the J-curve in BP after stroke. Several studies have suggested that an excessive lowering of BP can cause ischemic stroke and decline in cognitive function \[[@b21-jos-2015-01102]\]. These studies also suggest that decreased BP might reduce cerebral blood flow, especially in chronic stroke patients in whom an upward shift of the autoregulatory range was recognized after the acute period had passed.

Two decades ago, Irie and colleagues \[[@b22-jos-2015-01102]\] reported the J-curve phenomenon to be related to ischemic stroke recurrence. They analyzed 368 stroke patients with a history of hypertension (mean age, 62 years) admitted within three months after stroke onset and observed for at least six months. They found that stroke recurrence rate had a J-curve relative to post-stroke DBP. The stroke recurrence rate was 3.8% per patient-year among 94 patients with post-stroke DBP of 80 to 84 mmHg, significantly lower than the rates of 9.2% per patient-year (*P*\<0.05) and 11.4% per patient-year (*P*\<0.01) in those with lower and higher post-stroke diastolic BPs, respectively.

A recent post hoc observational analysis of the Prevention Regimen for Effectively Avoiding Second Strokes trial, which included 20,330 patients with recent ischemic stroke, suggested that SBP maintained in a low-normal range (\< 120 mm Hg) may be associated with increased risk of recurrent stroke, especially within the first six months after the first stroke \[[@b23-jos-2015-01102]\]. Similarly, an analysis of the dataset from the Vitamin Intervention for Stroke Prevention (VISP) study involving 3,680 patients with recent noncardioembolic ischemic stroke found an increased risk of recurrent stroke in patients with low-normal SBP levels (SBP\< 120 mmHg), especially within the first six months after the first stroke \[[@b24-jos-2015-01102]\].

It is likely that sustained SBP \< 120 mmHg could provoke periods of low BP and compromise cerebral flow. Castilla-Guerra et al. \[[@b25-jos-2015-01102]\] assessed ABPM in stroke survivors and demonstrated that episodes of nocturnal hypotension were very common in this population. In a study using ABPM that included 50 consecutive patients presenting with ischemic stroke in the previous six months, episodes of nocturnal hypotension were observed in 21 patients (42%), demonstrating that episodes of nocturnal hypotension are very common in patients with recent stroke, very possibly much more than a priori, and based on traditional clinical or office BP measurements. The high frequency of nocturnal hypotension episodes observed in the study suggests that significant proportion of patients is inadvertently subjected to a significant risk of critical reduction in cerebral perfusion. This could be especially important in subjects who have suffered a stroke, in which cerebral autoregulation, responsible for maintaining cerebral blood flow constant over a wide range of BP, is often dysfunctional, causing cerebral perfusion to become more dependent on BP values \[[@b26-jos-2015-01102]\].

However, Yamamoto et al. \[[@b27-jos-2015-01102]\] did not observe the J-curve phenomenon or an excessive fall in the nighttime BP leading to cerebral ischemic lesions in a prospective study of 105 patients with symptomatic lacunar infarcts who underwent repeated magnetic resonance imaging and 24-hour BP monitoring with an average follow-up period of 3.2 years in order to elucidate the appropriate BP control level for prevention of silent and symptomatic cerebral infarction. Nevertheless, the authors pointed out that the fact that patient BP was controlled at relatively high levels in the study, and that they restricted their subjects to patients with lacunar infarcts may have contributed to the lack of a J-curve.

Prognosis value of ABPM after stroke
====================================

As previously discussed, since the introduction of ABPM devices, target organ damage and cardiovascular morbidity and mortality are reportedly more closely correlated with ABP than casual BP. Moreover, a nondipping status, that is, a state whereby patients exhibit either an absence or reduced nocturnal BP dip, reportedly correlates with more advanced target organ damage and worsened prognosis than patients who maintained a dipping status. Therefore, ABP values are of prognostic value for the prediction of subsequent morbid events in patients with essential hypertension \[[@b4-jos-2015-01102],[@b6-jos-2015-01102]\]. However, the prognostic value of ABPM for established cerebrovascular disease has only occasionally been investigated.

In a study of one 177 patients with lacunar strokes and an ABPM performed from 14 to 30 days after stroke without administration of antihypertensive agents and tracked for a mean of 8.9 years of follow-up, Yamamoto et al. \[[@b28-jos-2015-01102]\] showed that high 24-hour SBP was an independent predictor for vascular events (\> 145 mmHg vs. \< 130 mmHg; risk reduction: 10.3; 95% CI: 1.3 to 81.3), and nondipping status (patients who did not exhibit a \> 5% nocturnal dip in SBP) was an independent predictor for subsequent development of dementia (risk reduction: 7.1; 95% CI: 2.2 to 22.0).

Among 123 first-ever lacunar stroke patients with a 24-hour ABPM after the acute stroke-phase between one and six months post-stroke), Staals et al. \[[@b29-jos-2015-01102]\] found 24-hour, day, and night SBP and DBP levels to be significantly associated with the presence and number of brain microbleeds, with odds ratios 1.6 to 2.3 per standard deviation increase in BP. Distinguishing between different locations, various BP characteristics were significantly associated with the presence of deep (or combined deep and lobar) brain microbleeds, but not with purely lobar brain microbleeds.

Finally, other authors \[[@b30-jos-2015-01102]\] reported that non-dipping status along with extensive small vessel diseases and chronic kidney disease were independently associated with cognitive impairment in a sample of 224 consecutive patients with symptomatic lacunar infarction who underwent magnetic resonance imaging and ABPM.

Conclusions
===========

To prevent recurrence of cerebrovascular disease, adequate control of BP is extremely important. Current evidence suggests the utility of 24-hour ABPM in patients with recent stroke in order to improve rates of BP control and rational drug treatment.

Nevertheless, although stroke care guidelines endorse the importance of hypertension management, the specific role of ABPM among stroke survivors after the acute phase of disease has not been established. There remain many unsolved questions regarding the use of ABPM after stroke, such as when to perform the test and reasonable thresholds for hypertension diagnosis and treatment based on ABPM after stroke, among others.

Therefore, although introduction of ABPM in clinical practice may improve hypertension treatment after stroke, additional studies are necessary to clarify whether routine application of ABPM among patients with recent stroke should be recommended.

The authors have no financial conflicts of interest.

![Ambulatory blood pressure monitoring in a patient with recent ischemic stroke, showing a reversed dipper blood pressure pattern. SBP, systemic blood pressure; DBP, diastolic blood pressure](jos-2015-01102f1){#f1-jos-2015-01102}

###### 

Trials on blood pressure lowering and secondary stroke prevention

  Study      Population   Event                                                                  Treatment                                                   Period (yr)   BP reduction                                                           RR cerebrovascular events               ABPM
  ---------- ------------ ---------------------------------------------------------------------- ----------------------------------------------------------- ------------- ---------------------------------------------------------------------- --------------------------------------- ------
  PATS       5,665        IS, HS, TIA with and without HT                                        Indapamide 2.5 mg vs. placebo                               2             5/2 mmHg                                                               RR: 29%                                 NO
  PROGRESS   6,105        IS, HS, TIA, previous 5 years (mean 8 months) with and without HT      Perindopril vs. placebo                                     3.9           9/4 mmHg                                                               RRR: 28% (95% CI 17-38)                 NO
                                                                                                 Perindopril plus indapamide vs. placebo                                   Perindopril: 5/3 mmHg                                                  Perindopril: 5%                         
                                                                                                                                                                           Perindorpil plus indapamide: 12/5 mmHg                                 Perindopril plus indapamide: 43%        
  MOSES      1,405        IS, HS, TIA previous 2 years, hypertensive patients                    Eprosartan 600 mg vs. Nitrendipine 10 mg                    2.5           Eprosartan group: 13/3 mmHg                                            IDR of 0.75, (95% CI 0.58-0.97)         YES
                                                                                                                                                                           Nitrendipine group: 16/7 mmHg                                                                                  
  PRoFESS    20,332       IS previous 3 months (mean 15 days) with and without HT                Termisaltan 80 mg vs. Placebo                               2.5           3.8/2.0 mmHg lower than placebo                                        HR: 0.95 (95% CI 0.86-1.04; *P*=0.23)   NO
  SPS3       3,020        MRI-defined symptomatic lacunar infarctions in the previous 180 days   Antihypertensives prescribed by the local study physician   3.7           Systolic-blood-pressure target of 130-149 mmHg or less than 130 mmHg   HR 0.81 (95% CI 0.64-1.03, *P*=0·08)    NO

BP, Blood Pressure; RR, Risk Reduction; ABPM, Ambulatory blood Pressure Monitoring; IS, Ischemic stroke; HS, Hemorrhagic Stroke; TIA, Transient ischemic attack; RRR, relative risk reduction; HT, Hypertension; IDR, incidence density ratio; MRI, magnetic resonance image.

###### 

Main studies with ABPM for secondary prevention of stroke

  Author                   Population                                          Main findings                                                                                                    Reference
  ------------------------ --------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- ---------------------------
  Castilla-Guerra et al.   101 stroke survivors                                Chronic disruption of circadian BP rhythm. One-year follow-up period                                             \[[@b16-jos-2015-01102]\]
  Sasaki et al.            48 elderly bedridden hypertensive stroke patients   Nocturnal BP fall was blunted in most (\~90%) of the patients                                                    \[[@b17-jos-2015-01102]\]
  Cugini et al.            51 patients with TIA and 225 control subjects       Higher sensitivity of ABPM compared to office BP in evaluating the effectiveness of antihypertensive treatment   \[[@b18-jos-2015-01102]\]
  Zakopoulos et al.        187 hypertensive stroke survivors                   Less effective BP control using ABPM compared to office recordings                                               \[[@b19-jos-2015-01102]\]
  Castilla-Guerra et al.   50 ischemic stroke survivors                        High frequency of nocturnal hypotension episodes                                                                 \[[@b25-jos-2015-01102]\]
  Yamamoto et al.          105 lacunar infarcts                                Lack of J-curve                                                                                                  \[[@b27-jos-2015-01102]\]
  Yamamoto et al.          177 lacunar strokes                                 High 24-hour SBP is an independent predictors for vascular events and dementia                                   \[[@b28-jos-2015-01102]\]
  Staals et al.            123 lacunar strokes                                 Association with the presence and number of brain microbleeds                                                    \[[@b29-jos-2015-01102]\]
  Yamamoto et al.          224 lacunar infarctions                             Association with cognitive impairment                                                                            \[[@b30-jos-2015-01102]\]
